The aim of this study was to compare cardiac output and plasma propofol concentrations in the supine and prone positions in healthy adult patients presenting for lumbar spine surgery. Patients received propofol and remifentanil via effect-site steered target-controlled infusions. Cardiac output and plasma propofol concentration were compared during 20 minutes in the supine position and 20 minutes after positioning on a Wilson frame. Cardiac output did not change significantly over 20 minutes in either position (P=0.37) and was similar at 20 minutes in the supine (6.1 [1.6] l/minute) and prone positions (6.1 [1.9] l/minute) (P=0.87). Propofol concentrations were similar in the supine and prone positions at 20 minutes (2.55 [0.89] and 2.53 [0.90] µg/ml; P=0.93). We conclude that prone positioning on the Wilson frame does not affect cardiac output or plasma propofol concentration.
The prone position is commonly used in lumbar spine surgery. Advantages of the position include excellent access to the surgical site and minimal bleeding if optimal positioning is obtained. Risks of the position include nerve and eye injury, respiratory insufficiency and cardiovascular instability 1 . A reduction in cardiac output (CO) has been reported 2-8 , possibly resulting from abdominal compression and venous pooling in the lower limbs, and this may lead to increased plasma concentrations of anaesthetic drugs and exaggerated drug effects, including deeper than intended anaesthesia 9 .
Two previous studies have investigated the effect of prone positioning on cardiac output during propofol-based anaesthesia 5, 7 . Both reported a reduction in cardiac output once patients were positioned prone. However, Takizawa et al 5 did not monitor anaesthetic depth during their study. Furthermore they did not administer opioids, reducing the generalisability of their results. Bennarosh et al 7 adjusted the propofol target concentration to maintain a constant depth of anaesthesia, resulting in lower targets in the prone position, but did not measure plasma propofol concentrations. The aim of our study therefore, was to compare CO and measured plasma propofol concentrations at pseudo-steady state in the supine and prone positions, in healthy patients having elective lumbar spine surgery positioned on a Wilson frame. Our hypotheses were that CO would be lower and measured plasma propofol concentrations would be higher in the prone position than in the supine position.
MATERIALS AND METHODS
Prospective approval was obtained from the Human Research Ethics Committee of the Royal Melbourne Hospital. The study was not randomised with respect to initial patient position and was not blinded. Patients were eligible if they were aged 18 to 70 years, of American Society of Anesthesiologists physical status I to II and were presenting for elective lumbar spine surgery positioned on the Wilson frame. Those with inadequate English comprehension due to a language barrier, cognitive deficit or intellectual disability, those with significant cardiorespiratory impairment and those with a body mass index above the parameter limits of the Schnider 10 and Minto 11 pharmacokinetic/dynamic models were excluded. All eligible patients were approached and recruited patients provided written informed consent prior to commencement of the study.
Patients fasted for at least six hours prior to induction of anaesthesia. All patients were fitted with venous compression stockings preoperatively, but were not prescribed any sedative or analgesic premedication. Intravenous (16 G, forearm vein) and intra-arterial (20 G, radial artery) cannulae were inserted under local anaesthesia and intravenous infusion of Hartmann's solution 100 ml/hour was commenced. Monitoring with electrocardiography, invasive arterial blood pressure, oxygen saturation, inspired and expired gases and the bispectral index (BIS) was commenced. The arterial line transducer was maintained at the level of the heart in the supine and prone positions.
Anaesthesia was induced with the patient in the supine position using target-controlled infusions of propofol (5 µg/ml target effect-site concentration using the model of Schnider et al 10 ) and remifentanil (5 ng/ml target effect-site concentration using the model of Minto et al 11 ) . After loss of consciousness, rocuronium (0.6 mg/kg) was administered and the trachea was intubated. Mechanical ventilation was instituted using 100% O 2 to maintain the end-tidal carbon dioxide partial pressure in the range of 35 to 45 mmHg. After intubation, the propofol target was decreased to 3 µg/ml, the remifentanil target was decreased to 3 ng/ml and the 20-minute supine phase of the study began. These targets were selected with the goal of maintaining appropriate anaesthetic depth without haemodynamic instability in the absence of surgical stimulation. We chose a 20-minute sampling period to ensure effectsite equilibration with respect to hypnosis and haemodynamic changes consequent upon the position 12 . After 20 minutes, the patients were turned prone onto the Wilson frame, with the frame being adjusted by the surgeon for optimal positioning, and the prone phase of the study began. The surgeons were allowed to apply skin preparation and the surgical drapes and place a marker under radiological control during this period, but were prohibited from injecting local anaesthetic or adrenaline or starting the operation. After 20 minutes in the prone position, the study was complete and surgery commenced. Patients were interviewed after surgery about their recall of events during anaesthesia.
Cardiac output was measured during each 20-minute period by a partial rebreathing method based on the Fick principle 13 using the NICO ® Cardiopulmonary Management System (Philips Healthcare, Suresnes, France). The NICO ® sensor was connected directly to the endotracheal tube.
Five millilitre samples of arterial blood for propofol assay were obtained at 15, 17.5 and 20 minutes of each 20-minute period. The samples were stored at 4°C for up to 10 weeks before analysis (propofol concentrations decrease at <0.2% /week at 4°C). They were analysed using a high-performance liquid chromatography assay modified from the method of Plummer 14 . This assay is linear to at least 20 µg/ml, has a detection limit of 0.025 µg/ml, an inter-assay coefficient of variation of 4.1% and an intra-assay coefficient of variation of 4.9%.
Significant hypotension, defined as a systolic blood pressure (SBP) <85 mmHg, or a decrease in SBP of concern to the anaesthetist, was treated with metaraminol 0.5 mg intraveneously. Excessively deep anaesthesia, defined as a BIS value <30 with significant hypotension, was treated with a decrease in propofol target concentration in 0.5 µg/ml increments and treatment of hypotension with metaraminol 0.5 mg intraveneously until it was controlled. A BIS value >60 with or without other signs of inadequate anaesthetic depth, was treated with an increase in propofol target concentration in 1 µg/ml increments. Patients in whom propofol concentration was changed were removed from the study. Remifentanil target concentrations were not altered.
The primary endpoints were CO and measured plasma propofol concentration and secondary variables included mean arterial pressure (MAP) and BIS. The study of Takizawa et al 5 was used as the basis for our sample size calculation. In their study, CO decreased from 5.2 (0.8) l/minute in the supine to 4.3 (1.0) l/minute in the prone position, and the measured plasma propofol concentration increased from 2.05 (0.20) to 2.38 (0.28) µg/ml. We calculated that with 20 patients we would achieve 81% power to detect this change in CO and 96% power to detect this change in measured plasma propofol concentration.
Statistical analyses were undertaken using Stata 10.1. Continuous data were assessed for normality using graphical methods. Normally distributed data were summarised using mean (standard deviation), skewed data were summarised using median (range) and categorical data were summarised using the count (percent). Paired two-tailed t-tests or Wilcoxon signed-rank tests were used to compare variables in the supine and prone positions at 20 minutes. Mixed models, with a subject-specific random effect to allow for within-subject correlation of repeated measurements, were used to assess the differences in CO, MAP and BIS values over the 20-minute period and between the supine and prone positions, and to assess changes in measured plasma propofol concentrations between 15 and 20 minutes of infusion in each position. The variability of withinsubject errors was allowed to differ between the two groups and was assumed to follow an autoregressive structure of order within groups over time. Group and time were both included in the mixed model as categorical fixed effects. Interaction terms between group and time were included to assess changes in the difference between the two positions over time. Normality of random effects and residuals was assessed using graphical methods. Results are presented as differences in means with 95% confidence intervals and Wald test P values. All P values presented are two-tailed, with P values of <0.05 considered statistically significant.
RESULTS
Twenty-five patients were recruited and 15 were included in the analyses. Two patients were excluded due to technical difficulties with CO measurement and eight were excluded because target propofol concentration was increased due to BIS >60 (all patients were in the supine position when the initial increase was made). With 15 patients we had 69% power to detect a 0.9 l/minute change in CO and 90% power to detect a 0.33 µg/ml change in measured plasma propofol concentration. No patients reported recall of events during the study postoperatively. Included patients were aged 50 (13) years and had a body mass index of 27 (6) and eight were male. Cardiac output was similar at 20 minutes of infusion in the supine and prone positions whereas MAP was significantly higher in the prone position (Table 1) . Measured plasma propofol concentration and BIS values were not significantly different at 20 minutes. Figure 1 shows the estimated marginal means of CO, BIS, MAP and plasma propofol concentration in each position over time.
In the mixed model for CO there was no evidence of an interaction between group and time (P=0.53), so we included only main effects for group and time in the model. There was no evidence of a difference in CO between the supine and prone positions (estimated mean difference 0.3 (95% CI -1.0 to 0.3), P=0.34). Cardiac output did not change significantly over the 20 minutes of infusion in either group (P=0.37).
There was a statistically significant decline over time in MAP in both the supine and prone positions (supine P=0.02 and prone P <0.001). Mean arterial pressure was initially significantly higher in the prone position (estimated difference in mean -25.3 mmHg, 95% CI -35.8 to -14.9), but by 10 minutes the difference decreased to approximately 13 units and remained at that level ( Table 2) .
For BIS, there was no evidence of an interaction between group and time (P=0.20). BIS decreased over time (P=0.02) but there was no evidence of a group difference (P=0.12).
Six patients received metaraminol, 0.5 mg intravenously, to treat SBP <85 mmHg during the study (two during the supine position alone, one during the prone position alone and three in both positions). There was no significant difference in CO at 20 minutes in the supine and prone position in these patients (5.2 [1.5] vs 5.1 [2.2] l/minute; P=0.67).
Measured plasma propofol concentrations varied between 15 and 20 minutes of infusion by median 1% (range -23 to +6%) in the supine position and -1% (-16 to +20%) in the prone position, and between 20 minutes and 17.5 minutes by 0% (-9 to +16%) and 2% (-15 to +13%) respectively. There was no evidence of an interaction between group and time (P=0.74). There was no evidence of a change over time (P=0.84) or between groups (P=0.92).
DISCUSSION
Cardiac output, measured plasma propofol concentration and BIS were not significantly different at pseudo-steady state in the supine and prone positions in healthy patients having elective lumbar spine surgery positioned on a Wilson frame. The 95% confidence intervals of the differences in CO, propofol concentration and BIS indicate that clinically significant differences in these variables are also unlikely, despite the slightly lower than expected power of our study. Mean arterial pressure was greater at 20 minutes of infusion in the prone patients compared to the supine patients but was adequate in both groups. This difference could be due to increased systemic vascular resistance which was not measured in our study. We conclude that effect-site targets for propofol do not need to be decreased in patients who are turned prone onto a Wilson frame for elective lumbar spine surgery.
Our results are similar to the study of Toyota et al 15 in which there was no change in cardiac index in spinal surgery patients anaesthetised with isoflurane. Like ours, these patients were healthy and were positioned on longitudinal bolsters which are similar to the Wilson frame in that they support the patient while minimising abdominal (and possibly inferior vena caval) compression.
Our results contrast with previous reports in which a 17 to 35% decrease in CO or cardiac index was reported 2-8 , including the two previous studies in which patients were anaesthetised with propofol and remifentanil 5, 7 . No short-or long-term adverse effects of decreased CO were noted in these studies. Only one previous study has investigated the Wilson frame: Dharmavaram et al 6 compared the haemodynamic effects of five support systems in American Society of Anesthesiologists physical status I to III patients presenting for elective lumbar spine surgery and CO decreased from 6.4 (SEM 0.3) l/minute to 5.2 (SEM 0.3) l/minute in the Wilson frame group. Only one previous study has utilised a depth of anaesthesia monitor: Bennarosh et al 7 titrated BIS to 40 to 50 and this resulted in decreased target plasma propofol concentrations when the patients were prone: we targeted constant propofol concentrations and demonstrated steady BIS values. Finally, only Takizawa et al measured actual propofol concentrations 5 which is important as target-controlled infusions devices may not deliver target concentrations accurately 16 . Indeed, the four-fold range in measured propofol concentrations (Figure 2 ), despite all patients receiving dose regimens to deliver identical effectsite concentrations, highlights the inter-patient variability between predicted and actual propofol concentrations inherent in even a healthy population. However, Takizawa et al did establish the stability of propofol concentration before CO measurement and did not measure anaesthetic depth 5 . The factors that may have resulted in a different result in these studies compared with ours include our exclusion of patients with significant cardio-respiratory illness, maintenance of similar and constant plasma propofol concentrations in the supine and prone positions, tight control of depth of anaesthesia (which itself alters CO), and allowing drug concentrations to come to pseudo-equilibrium with the effect site.
The goal of our protocol was to maintain stable plasma and effect-site propofol concentrations throughout the study, to avoid inadequate and excessively deep anaesthesia and to avoid hypotension. To achieve this, we chose effect-site steered target-controlled infusions, waited for 20 minutes for equilibration in each position and monitored anaesthetic depth to establish that the depth of hypnosis was comparable. We piloted propofol and remifentanil maintenance effect-site concentrations of 2 mg/ml and 2 ng/ml but increased our targets to 3 mg/ml and 3 ng/ml respectively because of high BIS values. Even at these concentrations, we needed to exclude eight patients from the trial because of BIS values >60, but needed to administer metaraminol to six patients for SBP <85 mmHg. Variance in cardiac output was larger than predicted in our sample size calculation, and this, along with the loss of patients, has reduced the power of our study to find a difference in CO. For patient safety reasons, hypotension must be treated, but the choice of agent is challenging as all methods will alter CO. Our study is limited by the fact that we did not assess volume status objectively and ensure normovolaemia before starting. However, other investigators have done this and reported a decrease in CO 6, 7, 15 . A fluid bolus once hypotension develops may not increase blood pressure expediently and aand β-agonists affect CO. Excluding these patients would decrease our sample size further and there was no difference in the effect size or direction between patients who received metaraminol and those who did not.
A further limitation of our study may be our choice of the NICO device for CO estimation. Comparative studies [17] [18] [19] report a relatively loose agreement between CO measured using NICO and thermodilution, the method most commonly considered as the clinical 'gold standard'. The NICO device assumes complete mixing of gases in the alveoli. However, in reality, there is likely to be incomplete mixing, as seen by breath to breath variations in inspiratory and expiratory alveolar concentrations of anaesthetic agents. Furthermore, the presence of intrapulmonary shunts or haemodynamic instability may affect the accuracy of the CO estimations. The volume of dead space and degree of shunt may change when the prone position is assumed, although this would be difficult to estimate 1 . We chose the NICO because it provided a non-invasive estimate of CO in patients in whom invasive monitoring could not be justified. Using a less accurate method of cardiac output measurement means that any calculated 95% confidence intervals will be an overestimate of the ability to exclude a clinically meaningful difference.
There is a plausible physiologic rationale for an inverse relationship between CO and propofol concentrations. Upton et al 20 reported that initial propofol concentrations were decreased in sheep with higher CO induced by carbon dioxide and increased in sheep with lower CO induced by metaraminol infusion. Similarly, Myburgh et al 9 induced elevated CO in sheep with adrenaline, noradrenaline and dopamine and reported reduced propofol concentrations. This observation was further confirmed in pigs by Kurita et al 21 . The proposed mechanism is increased first-pass dilution and increased clearance with increased CO (and vice versa for decreased CO) 22 , and it is an effect with influences propofol concentrations for some time after induction of anaesthesia. However, the lack of an effect on the present study relates to the minimal CO effects of positioning changes in this surgical model. A significant positioning effect on CO and propofol requirements, however, cannot be excluded in other patient groups, such as the elderly, those with cardiovascular co-morbidities, and those on medications such as anti-hypertensives.
In conclusion, CO and measured plasma propofol concentration were not significantly different at pseudo-steady state in the supine and prone positions in healthy patients having elective lumbar spine surgery positioned on a Wilson frame. Effect-site targets for propofol do not need to be decreased when turning healthy patients prone.
